INTRODUCTION
============

Cisplatin is one of the most active anticancer agents for the treatment of lung cancer and the cisplatin-based chemotherapeutic regimens have produced a statistically significant and clinically relevant improvement in survival. The long-term survival is directly linked to the degree of clinical response to chemotherapy ^[@b1-kjim-14-1-42-7],[@b2-kjim-14-1-42-7])^. However, more than one-third of patients do not achieve an appreciable clinical response to the cisplatin-based chemotherapy. Therefore, it is important to understand the molecular genetic features that can determine the response or resistance to cisplatin, which could permit the selection of the most suitable patients for the cisplatin-based chemotherapy and enhance the development of an innovative treatment for patients most likely to be refractory to cisplatin. The precise mechanisms responsible for cisplatin-mediated cytotoxicity are not fully understood, but evidence obtained in the last few years indicates that cisplatin inhibits DNA synthesis by double-strand breaks. It reacts readily with the N7 position of purines to form a variety of lethal platinum-DNA adducts, which trigger programmed cell death (apoptosis). Indeed, cells treated with cytotoxic levels of cisplatin display the biochemical and morphologic features of apoptosis^[@b3-kjim-14-1-42-7]--[@b7-kjim-14-1-42-7])^. Thus, the resistance to cisplatin can be caused by the loss of the regulation of apoptosis.

p53 is involved in the activation of apoptosis induced by DNA-damage, such as cisplatin. As a transcriptional activator, p53 increases the transcription of a number of genes and the pattern of transcriptional regulation is critical in determining the cellular response to DNA damage. It is known to activate the transcription of death agonist, bax, but to repress the expression of death antagonist, bcl-2^[@b8-kjim-14-1-42-7]--[@b14-kjim-14-1-42-7])^. Given the roles of bcl-2, bax and p53 in cell death and survival, we examined the expression of these genes in small cell and non-small cell lung cancer cell lines to investigate the effect of their expression on the response to cisplatin in an attempt to understand the molecular events contributing to the development of the cisplatin-resistance in lung cancers.

MATERIALS and METHODS
=====================

1. Cell lines
-------------

NCI H69 human small cell lung carcinoma, PC9 human lung adenocarcinoma, PC14 human lung adenocarcinoma and their in vitro selected cisplatin-resistant sublines, H69/CDDP, PC9/CDDP, PC14/CDDP, were kindly provided by Dr. N. Saijo (National Cancer Center Research Institute, Tokyo, Japan). All the cisplatin-resistant cells were cultured in cisplatin-free medium for at least 4 weeks before being used for the experiments. Cells were cultured in RPMI-1640 medium supplemented with 2 mM L-glutamine, 10% fetal calf serum, 10 μg/ml penicillin and 10 μg/ml streptomycin and grown in a humidified incubator with 5% CO~2~ at 37°C. All media and chemical reagents were purchased from Gibco Co.(BRL, Paisley, UK).

2. MTT assay for cytotoxicity
-----------------------------

In vitro cisplatin-induced cytotoxicity was determined by the MTT dye reduction assay. Cells were plated out at a density of 3,000--4,000 cells per well into a 96-well microtiter plates and allowed to attach overnight. The next day, cells were treated with 0.1 to 1,000 μg/ml concentrations of cisplatin (Platosin®; Pharmachemie, Haarlem, Netherlands) dissolved in sterile water and incubated for 4 days. After this treatment, 20μl of MTT (3, (4, 4-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide, final concentration of 5 mg/ml, Sigma, MO, USA) were added in each well and incubated at 37°C for 4 hr. After incubation, cells were centrifuged at 200 g for 5 min and the supernatant was aspirated. 200 μl of Dimethyl sulfoxide (DMSO) were added in each well to solubilize the formed formazan crystals. The absorbance was recorded at 540 nm on a Titertek Multiskan® MCC (EFLab, Finland). Wells containing only RPMI-FBS and MTT were used as control. The IC~50~ (Inhibitory Concentration 50%) values were the drug concentrations inducing 50% reduction in the absorbance. Each experiment was performed using 6 replicate wells for each drug concentration and three independent experiments were carried out with consistent results. The relative resistance to cisplatin was obtained by comparing IC~50~ values of cisplatin-resistant sublines with those of the parental cell lines.

3. Assay for the detection of apoptotic cell death
--------------------------------------------------

### 3.A. Quantitation of cell viability by acridine orange/ethidium bromide uptake

Approximately 5 × 10^5^ cells were harvested after various times post-treatment with cisplatin (10 μg/ml) and washed with phosphate buffered saline (PBS). Cells were stained with acridine orange (100 μg/ml) and ethidium bromide (100 μg/ml) and viewed immediately under a fluorescence microscope. The staining clearly distinguished between viable cells and cells showing condensed chromatin staining characteristic of apoptosis. A minimum 200 total cells were counted and the percentage of apoptotic cells was calculated as follows: % apoptotic cell=(total number of apoptotic cells/total number of cells counted) × 100

Three independent experiments were performed with consistent results.

### 3.B. DNA isolation and gel electrophoresis

For the electrophoretic characterization of DNA fragmentation, 3 × 10^6^ cells were harvested after 12, 24, 48 and 72 hr post-treatment with 3.3, 10 and 100 μg/ml concentrations of cisplatin and washed twice with PBS, and the pellet in a 1.5 ml eppendorf tube was resuspended in 100 μl lysis buffer containing 10 mM EDTA (pH 8.0), 10 mM Tris-HCl (pH 7.4), 0.5% Triton-X 100 and lysed at 4°C for 10 min. The suspension was centrifuged at 25,000 g for 20 min and the resulting supernatant was harvested in a new eppendorf tube. Each sample was added with 2 μl RNase (20 μg/ml, Sigma) and incubated at 37°C for 1 hr. Each sample was added with 2 μl Proteinase K (20 μg/ml, Sigma) and incubated at 37°C for 1 hr. Then, 20 μl of 5M NaCl and 120 μl of isopropyl alcohol were added to each sample, which was stored at −20°C overnight. The next day, samples were centrifuged at 25,000 g, 4°C for 15 min. The pellets were dissolved with 20 μl TBE buffer containing 10 mM Tris-HCl (pH 7.4), 1 mM EDTA (pH 8) and electrophoresed through 2% agarose gel after adding 4 μl loading buffer (40 % sucrose, bromophenol blue 0.25%) at 100 volts for 90 min. 100bp DNA markers (Bio-Rad, CA, USA) were run in parallel. The gels were visualized by 1μg/ml ethidium bromide staining under ultraviolet light.

4. p53 Sequencing
-----------------

Sequencing of exon 5 to 8 of p53 was performed by polymerase chain reaction (PCR) amplification followed by direct automated sequencing of double-stranded DNA using biotinylated terminators.

### 4.A. PCR amplification

PCR was performed using 200 ng of DNA, 1.5 mg MgCl~2~, 200 mM/liter of each dNTPs, 1 mM/liter of each primer, 0.4 ml of Taq polymerase enzyme and 5 ml of 10 X Taq buffer ((Promega, WI, USA) in a final volume of 50 ml. The cycling profile comprised 30 cycles of denaturation (95°C for 50 sec), annealing (58°C for 90 sec) and extension (72°C for 90 sec).

### 4.B. DNA nucleotide primers

Exon 5 to 8 of p53 were amplified using the Human p53 Exons 5--8 Amplifier Panel™ (Clontech, CA, USA) in accordance with the manufacturers instruction. Their sequences were as follows: exon 5 sense strand, 5 CTC TTC CTG CAG TAC TCC CCT GC 3; exon 5 antisense strand, 5 GCC CCA GCT GCT CAC CAT CGC TA 3; exon 6 sense strand, 5 GAT TGC TCT TAG GTC TGG CCC CTG 3; exon 6 antisense strand, GGC CAC TGA CAA CCA CCC TTA ACC 3; exon 7 sense strand, 5 GTG TTG TCT CCT AGG TTG GCT CTG 3; exon 7 antisense strand, 5 CAA GTG GCT CCT GAC CTG GAG TC 3; exon 8 sense strand, 5 ACC TGA TTT CCT TAC TGC CTC TGG C 3; exon 8 antisense strand, 5 GTC CTG CTT GCT TAC CTC GCT TAG T 3.

### 4.C. Direct DNA sequencing of PCR products

PCR products were primarily purified using 50 ml 7.5 M NH~4~AC and 300 ml 98% ethanol mix extraction and precipitation with 150 ml 70% ethanol. The same primers used for generating the PCR products were also used for the sequencing reactions. Other reagents were supplied in the GATC-BioCycle Sequencing kit (GATC GmbH, Konstanz, Germany). Both strands were sequenced for each exon. GATC-BioCycle sequencing protocol was followed for cycle sequencing of PCR products. 1 μl of the purified PCR product (approximately 40 ng), 5 pM/ml primer, 2μl reaction-buffer, 2μl dITP-Mix and 5 units of Thermo-Sequenase™ (Amersham, Bucks, UK) were well mixed with 20μl distilled water for extension. 5μl of extension-mix was transferred into a 0.5 ml PCR tube and 1μl ddGTP-Mix was added. G-A-T-C reaction tubes were placed on Thermo Cycler (ERICOM INC. CA, USA) and run the following program: denaturation for 3 min 95°C, 30 cycles, and final 4 min 60°C. 2 ml samples were loaded in a 7% denaturating polyacrylamide gel and the electrophoresis was performed on a GATC 1500 unit. Biotinylated terminator of 55 μl NBT (4-nitro blue tetrazolium chloride) and of 55 μl BCIP (X-phosphate/5-bromo-4-chloro-3-indolyl-phosphate; Boehringer Mannheim) in 20ml reaction buffer was used for visualization of DNA colorimetrically. All PCR products were sequenced in both directions.

5. Western blot analysis of Bcl-2, Bax and p53
----------------------------------------------

Cells were removed from tissue culture flasks using a cell-scraper and centrifuged at 300 X g for 5 min. The pellet was resuspended in ice-cold lysis buffer consisting of 20 mM Tris-HCl buffer (pH 7.4) containing 5 μg/ml aprotinin, 5 μg/ml leupeptin and 1 mM phenylmethylsulphonyl fluoride, and homogenized by the passage through a 26 gauge syringe needle. The suspension was centrifuged at 20,000 rpm for 15 min at 4°C and the supernatant was stored at −70°C until assay. Protein concentration was measured in each cell lysate by the BCA method (Sigma) and equal amounts of total protein were loaded for each blot. Cell lysates were mixed with equal volume of Tris-Glycine SDS-sample buffer and boiled for 2 min. 25 μl of each denatured sample was loaded and electrophoresed through 4--20% Tris-Gylcine gels in Tris-Glycine running buffer (all were Novex, San Diego, USA) for 2 hr at 100 volts. Electrophoresed gels were transferred to nitrocellulose membrane (Bio-Rad) in transfer buffer (12 mM Tris base 1.45 g, 96 mM glycine 7.2 g, methanol 200 ml, distilled water 1,000 ml) for 2.5 hr at 30 volts. Membranes were blocked in 5% skim milk solution overnight and probed with monoclonal mouse anti-human Bcl-2 Ab (1:500, 2 μg/ml of blocking solution, Santa Cruz, CA, USA), polyclonal rabbit anti-human Bax Ab (1:500, 2 μg/ml of blocking solution, Santa Cruz) or monoclonal mouse anti-human p53 Ab (1:500, 2 μg/ml of blocking solution, Zymed, CA, USA) for 90 min at 37°C. After washing with 0.05% Tween-20 three times, membranes were incubated for 45 min with peroxidase-conjugated goat IgG fraction to mouse or rabbit (1:1000, 1 μg/ml of blocking solution, Cappel, NC, USA) at 37°C. After several washings, they were added with 10 ml of tetramethyl-benzidine solution (Zymed) and shook for 10--30 min for visualization of immunoreactive materials. Immunobloting was repeated in all of the cell lines at least three times with consistent results.

6. Statistical analysis
-----------------------

Differences between groups were tested for the significance using student's two-tailed t-test (SAS Inst. INC, NC, USA), from which *P* values were calculated.

RESULTS
=======

1. Cisplatin-induced cytotoxicity
---------------------------------

The cisplatin-induced cytotoxicity in lung cancer cell lines was evaluated by MTT colorimetric assay ([Fig. 1](#f1-kjim-14-1-42-7){ref-type="fig"}). The calculated IC~50~ values and the relative resistance to cisplatin are presented in [Table 1](#t1-kjim-14-1-42-7){ref-type="table"}. In this study, each paired in vitro cisplatin-resistant sublines had 3.1--4.7 fold more resistance to cisplatin than their parental cell lines had (*P*\<0.05). Among the parental cells, H69 was relatively resistant to cisplatin compared to other parental cell lines, in spite of its histologic type, small cell carcinoma (relative resistance 2.1--3.2, *P*\<0.05).

2. Cell death induced by cisplatin is due to apoptosis
------------------------------------------------------

In order to examine the nature of cell death induced by cisplatin, cells collected at various time points post-treatment with 10 μg/ml of cisplatin were processed for acridine orange and ethidium bromide staining for the detection of condensed or fragmented chromatin and internucleosomal DNA fragmentation, diagnostic of apoptotic cells. Since we could not observe the clear apoptotic features at the concentration of cisplatin near to IC~50~ (3.3 μg/ml), we examined the cellular response to apoptosis at 10 μg/ml of cisplatin.

Apoptotic patterns ([Fig. 2](#f2-kjim-14-1-42-7){ref-type="fig"}) were observed in PC9 and PC14 cell lines as early as 12 hr after cisplatin exposure, and increased after 24 hr. In H69 cells, the accumulation of acridine orange positive cells in response to cisplatin was slower and lower than that of PC9 or PC14 cell lines. The percentage of apoptotic cells remained below 10% after 24 hr and more than 75% cells were viable even after 72 hr in PC9/CDDP, PC14/CDDP and H69/CDDP ([Fig. 3](#f3-kjim-14-1-42-7){ref-type="fig"}).

Examination of internucieosomal DNA fragmentation (DNA ladders) showed the similar pattern of response and DNA ladders were visualized in PC9 and PC14 cells after 24 hr post-treatment, whereas in H69 cells, it was visualized after 48 hr. In cisplatin-resistant sublines, DNA ladders were not visualized after 48 hr ([Fig. 4A](#f4-kjim-14-1-42-7){ref-type="fig"}). However, at higher concentration of cisplatin (100 μg/ml), DNA ladders were observed after 48 hr in all of the cell lines ([Fig 4B](#f4-kjim-14-1-42-7){ref-type="fig"}).

3. Sequencing analysis of p53 gene
----------------------------------

There was no mutation of p53 in PC9, PC14 and their cisplatin-resistant sublines. The same point mutation was detected in H69 and H69/CDDP, localized in exon 5. As shown in [Fig. 5](#f5-kjim-14-1-42-7){ref-type="fig"}, the mutation in these cell lines was nucleotide substitution (transversion, GGA→GTA) at codon 171.

4. Relationship between bcl-2, bax and p53 protein expression
-------------------------------------------------------------

Recent reports have suggested that p53 tumor suppressor gene product may not only regulate down bcl-2 but regulate up bax gene expression^[@b8-kjim-14-1-42-7]--[@b14-kjim-14-1-42-7])^. The endogenous levels of bcl-2, bax and p53 protein expression in lung cancer cells were assessed by Western blot analysis. In this study, the expression of p53 was reduced in H69 and H69/CDDP which had the mutation of p53 compared to other cell lines without p53 mutations. Bcl-2 protein had an inverse relationship with p53, which was detectable only in cells with very low expression of p53 protein such as H69 and H69/CDDP, but not detectable in cells with high expression of p53 protein such as PC9, PC9/CDDP, PC14 and PC14/CDDP. Bax protein was expressed in all cells with variable intensities and the relative amount of bax protein was high in cells with high p53 expression (PC9, PC9/CDDP, PC14, PC14/CDDP) comparing cells with very low p53 expression (H69, H69/CDDP)([Fig. 6](#f6-kjim-14-1-42-7){ref-type="fig"}). This indicates that the reduced expression of p53 protein contributes to up-regulation of bcl-2 as well as down-regulation of bax expression.

5. Regulation of cisplatin-resistance by the expression of p53, bcl-2 and bax
-----------------------------------------------------------------------------

We examined the relationship between bcl-2, bax and p53 expression and cisplatin-resistance. Among parental cell lines, H69 (small cell carcinoma) was more resistan to cisplatin in spite of its histologic subtype and lower apoptosis than other parental cell lines. These findings suggest that its intrinsic resistance to cisplatin and p53 mutation and up-regulation of bcl-2 may confer the intrinsic cisplatin-resistance in this cell line.

In vitro selected cisplatin-resistant sublines had 3.1--4.7 fold resistance to cisplatin (P\<0.05) and markedly reduced apoptosis compared to their parental cell lines. However, we observed no difference in levels of bcl-2, bax and p53 proteins between parental cell lines and their resistant sublines. This indicates that the acquired resistance made through cisplatin-exposure is related to the reduced susceptibility to apoptosis, but not to the alteration in the expression of p53, bax and bcl-2 proteins.

DISCUSSION
==========

Lung cancer is one of the most lethal cancers for both men and women in the world. The majority of patients present with advanced, inoperable diseases and overall cure rate for lung cancer approximates 13%. This low rate can be ascribed to the high propensity for metastasis and resistance to chemotherapy^[@b5-kjim-14-1-42-7],[@b7-kjim-14-1-42-7])^.

Cisplatin has a clinical activity against various solid tumors, especially lung cancers. The effectiveness of chemotherapy with cisplatin is restricted by the emergence of resistant cell populations, and defining of the molecular features that determine the resistance to cisplatin has an important clinical implication. The recent evidence suggests that the genetic regulation of apoptosis may affect the cellular response to DNA damages and, therefore, modulate the sensitivity of tumor cells to cisplatin^[@b4-kjim-14-1-42-7]--[@b6-kjim-14-1-42-7])^.

p53 tumor suppressor gene is most commonly mutated in human cancers. It is recognized as an important component of the pathway leading from DNA damage to apoptosis and several studies have suggested that p53 is involved in the activation of apoptosis induced by DNA-damaging anticancer agents^[@b9-kjim-14-1-42-7],\ [@b15-kjim-14-1-42-7],\ [@b16-kjim-14-1-42-7])^. Introduction of DNA strand breaks leads to a post-transcriptional increase in p53 protein levels^[@b17-kjim-14-1-42-7],[@b18-kjim-14-1-42-7])^. However, whether p53 protein activity is altered or the levels are merely increased is not clear. The induced p53 protein is able to transcriptionally activate a number of different genes, including p21, gadd45 and mdm2 and the induction of p21 appears to be the major mechanism of G1 arrest^[@b19-kjim-14-1-42-7],\ [@b20-kjim-14-1-42-7])^. However, in some cell types and some physiologic conditions, p53 induction can lead to apoptosis. Although the mechanism remains unclear, the upregulation of bax, death agonist, through transactivation by p53 could play an important role in apoptosis^[@b10-kjim-14-1-42-7]--[@b13-kjim-14-1-42-7],[@b21-kjim-14-1-42-7],[@b22-kjim-14-1-42-7])^. As the role in mediating DNA-damage induced cell cycle arrest was elucidated, it became clear that normal p53 function was also required for DNA-damage induced apoptosis^[@b23-kjim-14-1-42-7]--[@b25-kjim-14-1-42-7])^. In this study, we examined in vitro selected cisplatin-resistant sublines made by the continuous exposure of cisplatin. We expected the increasement in the level of p53 protein of these resistant sublines by cisplatin induced DNA-damage. However, we were not able to observe a significant difference in the level of p53 protein compared to parental cell lines. Mutation of p53 and a relatively reduced expression of p53 protein were observed in H69 and H69/CDDP, which showed markedly reduced apoptosis. This indicates that p53 mutation results in the functional loss and instabilization of p53 protein. However, other cisplatin-resistant cell lines, such as PC9/CDDP and PC14/CDDP, which had no mutation of p53 and a comparable level of p53 protein, showed markedly reduced apoptosis compared to their parental cell lines. Because the loss of p53 function can be resulted even with the wild type of p53, it is needed to evaluate the functional activity of p53 in these cell lines.

Although p53 is known to transactivate bax, it suppress bcl-2 expression and the magnitude of p53 suppression of bcl-2 expression may be tissue-specific^[@b8-kjim-14-1-42-7],[@b16-kjim-14-1-42-7])^. The recent analysis on breast cancer shows that the reverse relationship between p53 and bcl-2 expression, and the overexpression of mutant p53, can induce down-regulation of bcl-2 both protein and mRNA level^[@b8-kjim-14-1-42-7])^. Immunohistochemical study on non-Hodgkin's lymphoma shows the significant inverse relationship between p53 and bcl-2 protein expression^[@b26-kjim-14-1-42-7])^. Moreover, in vitro study of overexpression of bcl-2 in cancer cells delays accumulation of p53 and indirectly suppresses bax induction^[@b16-kjim-14-1-42-7],[@b27-kjim-14-1-42-7],[@b28-kjim-14-1-42-7])^. In this study, bcl-2 protein was only detectable in small cell lung cancer cells (H69 and H69/CDDP) which had p53 mutation and the decreased expression of p53, suggesting the reverse relationship between these proteins. Bax protein expression was also reduced in H69 and H69/CDDP, indicating indirectly suppression of induction by bcl-2.

Bcl-2 was originally identified at the chromosomal breakpoint of t(14;18)-bearing B-cell lymphomas. The bcl-2 gene encodes for the p26Bcl-2 protein, which suppresses apoptosis^[@b4-kjim-14-1-42-7],[@b27-kjim-14-1-42-7]--[@b34-kjim-14-1-42-7])^. So, it is now known to belong to the growing family of apoptosis-regulatory gene products, which may either be death antagonist (Bcl-2, Bcl-X~L~, Bcl-w, Bfl-1, Brag-1, Mcl-1, and A1) or death agonists (Bax, Bak, Bcl-Xs, Bad, Bid, Bik and Hrk)^[@b30-kjim-14-1-42-7]--[@b32-kjim-14-1-42-7])^. Most of the proteins encoded by the bcl-2 gene family are predominantly localized in the outer mitochondrial membrane and they possess variable amounts of Bcl-2 homology (BH) regions, which determine their capacities to interact with each other or with other unrelated protein. Bax shows extensive amino acid homology with bcl-2 and forms homodimers and heterodimers with bcl-2 in vivo. When bcl-2 protein is expressed at high level in cells, it may form complexes with bax, preventing bax homodimerization and inhibiting cell death^[@b29-kjim-14-1-42-7]--[@b32-kjim-14-1-42-7])^. Thus, the ratio of death antagonist (bcl-2, bcl-X~L~, etc) to agonist (bax, bcl-Xs, bad, etc) is important in determining whether a cell will response to an apoptotic signal^[@b29-kjim-14-1-42-7]--[@b32-kjim-14-1-42-7],\ [@b14-kjim-14-1-42-7],\ [@b36-kjim-14-1-42-7],\ [@b37-kjim-14-1-42-7])^. In this study, bcl-2 was expressed in H69 and H69/CDDP with p53 mutation and the level of bax protein was relatively decreased in these cell lines compared to other cell lines without p53 mutation. The delayed and reduced apoptosis by cisplatin in these cell lines may be attributed to bcl-2. Apoptosis in other cisplatin resistant cell lines was markedly reduced in spite of comparable expression of bax. However, the proapoptotic function of bax can be antagonized by other death antagonist, such as bcl-X~L~ rather than bcl-2, which should be further evaluated.

Small cell lung cancer is well known to be more sensitive to chemotherapy than non-small cell lung cancer and the response approximates 90% with cisplatin-based chemotherapy, including 10--50% of complete response^[@b1-kjim-14-1-42-7],\ [@b2-kjim-14-1-42-7])^. In this study, H69 is a small cell lung cancer cell. However, it is more resistant to cisplatin than other non-small cell lung cancer cells and it has a reduced and delayed response to apoptosis. Interestingly, p53 mutation and bcl-2 expression were observed in only small cell lung cancer cells (H69 & H69/CDDP). Since our experiment demonstrates that cancer cells with p53 mutation and bcl-2 expression are more resistant to cisplatin and they have a decreased susceptibility to apoptosis, cells naturally expressing bcl-2 and germline mutation of p53 may be intrinsically resistant to cisplatin.

In this study, we could not readily obtain apoptotic features at concentration close to IC~50~ (3.3 μg/ml) in all of the examined cell lines. Although PC9 and PC14 cell lines had the wild type p53 and a comparable expression of p53 protein in this study, we could not obtain the clearly visualized DNA fragmentations, a morphologic feature of apoptosis at concentration close to IC~50~ (3.3 μg/ml), but it was relevant at higher concentration of cisplatin (10 μg/ml). This indicates that the examined parental cells were not prone to apoptosis, even with a comparable induction of p53. With respect to the responsiveness of tumors to therapies, it is suggested to be derived from the tendency of the parental cells to undergo rapid apoptosis in response to DNA damage^[@b38-kjim-14-1-42-7])^. For example, the responsive tumor types, such as leukemia, lymphoma or germ cell tumors, are probably derived from cells that primarily use p53 induction as a signal to apoptosis, but the tumors derived from epithelial cells, such as lung carcinoma, do not rapidly signal to apoptosis in response to DNA damage, which use p53 for G1 arrest and which are relatively resistant to current treatments^[@b31-kjim-14-1-42-7],[@b41-kjim-14-1-42-7],[@b42-kjim-14-1-42-7])^. During G1 arrest, interfering with DNA-repair enzyme machinery or additional growth factors in environment may enhance the tolerance to DNA damage, provide a survival signal to cells and render the resistance to chemotherapy^[@b3-kjim-14-1-42-7],[@b7-kjim-14-1-42-7],[@b39-kjim-14-1-42-7],[@b40-kjim-14-1-42-7])^.

In summary, we examined the reduced sensitivity to cisplatin treatment in the examined cell lines paralleled a resistance to apoptosis induction, and cancer cells with endogenous expression of bcl-2 and p53 mutation were more resistant to cisplatin, which might be useful as a factor in tailoring chemotherapy regimens. However, a larger prospective study is needed to confirm the findings of this report. We observed markedly reduced apoptosis in cisplatin-resistant cell lines, but could not find any differences in the expression of apoptosis-regulatory proteins, p53, bcl-2 and bax compared to parental cell lines. It is suggested that the evaluation of functional activity of p53, such as a signal to cell cycle arrest or to apoptosis, is needed to understand the reduced susceptibility to apoptosis in resistant cells.

![Cytotoxicity induced by cisplatin in PC9 (human lung adenocarcinoma) and PC9/CDDP, PC14 (human lung adenocarcinoma) and PC14/CDDP, and H69 (human small cell lung carcinoma) and H69/CDDP. Points, means of more than three independent experiments, and bars, SD.](kjim-14-1-42-7f1){#f1-kjim-14-1-42-7}

![Morphological detection of apoptosis in PC9 cells. Cells were stained with acridine orange and ethidium bromide. Apoptotic cells with nuclear fragmentation into spherical bodies. (A, X100), (B, X200)](kjim-14-1-42-7f2){#f2-kjim-14-1-42-7}

![Percentage of apoptotic cells. Cells were harvested after various time post-treatment with 10*μ*g/mL of cisplatin, washed PBS and used directly for staining with acridine orange and ethidium bromide. Results are expressed as mean±SD for three independent experiments.](kjim-14-1-42-7f3){#f3-kjim-14-1-42-7}

![Agarose gel electrophoresis of genomic DNA extraced from lung cancer cells treated with 10*μ*g/mL of cisplatin for 24, 48 hr (A) and 10*μ*g/mL of cisplatin for 48 hr(B).](kjim-14-1-42-7f4){#f4-kjim-14-1-42-7}

![DNA sequence analysis of p53.\
The left panel (PC14) represents the normal sequence of p53 exon 5. The arrows show the positions of point mutation. A transversion of G to T at codon 171 is found in H69 and H69/CDDP.](kjim-14-1-42-7f5){#f5-kjim-14-1-42-7}

![Western blots showing expression of p53 (A), bcl-2(B) and bax (C) in pairs of sensitive and resistant to cisplatin lung cancer cells. The size of these proteins shown were confirmed by simultaneous electrophoresis of molecular weight standards.](kjim-14-1-42-7f6){#f6-kjim-14-1-42-7}

###### 

IC~50~ values and the relative resistance of human lung cancer cell lines to cisplatin. IC~50~ values (mean±SD) were estimated from MTT cytotoxicity assays and the represent mean values of at least three independent experiments. The relative resistance to cisplatin was obtained by comparing the IC~50~ values of cisplatin-resistant sublines with those of the parental cell lines. ^a^ *P* \< 0.05, ^b^ *P* \< 0.01

  Cell lines   IC~50~ (μg/ml)   Relative resistance
  ------------ ---------------- ---------------------
  PC9          2.30 (± 1.39)    --
  PC9/CDDP     7.95 (± 0.43)    3.5^b^
  PC14         3.55 (± 0.41)    --
  PC14/CDDP    16.56 (± 2.09)   4.7^b^
  H69          7.28 (± 1.89)    --
  H69/CDDP     22.21 (± 3.80)   3.1^a^
                                
  PC9          2.30 (± 1.39)    --
  H69          7.28 (± 1.89)    3.2^a^
                                
  PC14         3.55 (± 0.41)    --
  H69          7.28 (± 1.89)    2.1^a^
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